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Background The safest delivery mode of extremely preterm breech singletons is unknown.
Objectives To determine safest delivery mode of actively resuscitated extremely preterm breech singletons.
Search strategy We searched Cochrane CENTRAL, MEDLINE, EMBASE, CINAHL and ClinicalTrials.gov from January 1994 to May 2017.
Selection criteria We included studies comparing outcomes by delivery mode in actively resuscitated breech infants between 23 +0 and 27 +6 weeks.
Data collection and analysis We synthesised data using random effects, generated odds ratios, 95% confidence intervals and number-needed-to-treat (NNT). Our primary outcomes were death (neonatal, before discharge, or by 6 months) and severe intraventricular haemorrhage (grades III/IV), stratified by gestational age ( 
Introduction
Preterm birth (PTB) is the leading cause of infant mortality worldwide. Extreme PTB, defined as birth before 28 weeks of gestation, represents 5% of PTB but contributes disproportionately to the sequelae of PTB. 1, 2 Breech is more common in early gestation, occurring in 30-35% of fetuses between 22 and 28 weeks. 3, 4 The Term Breech Trial demonstrated that caesarean section is the safest mode of delivery at term, with three times lower risk of death or serious morbidity than vaginal birth. 5 In 1978, Ingemarsson et al. 6 found that delivery by caesarean section decreased the frequency of neonatal mortality from 14.6 to 4.8% in infants who were born preterm between 28 and 36 +6 weeks of gestation. However, the safest mode of delivery for preterm and extremely preterm breech infants remains controversial.
None of the existing guidelines explicitly discuss mode of delivery of extremely premature infants. The World Health Organization and Royal College of Obstetricians and Gynaecologists do not advise routine caesarean section for preterm infants regardless of presentation. 7, 8 In contrast, the National Institute of Health and Care Excellence guideline recommends consideration of caesarean section for all women in preterm labour with a singleton breech fetus. 9 The 2016 American Congress of Obstetricians and Gynecologists and Society for Maternal-Fetal Medicine's Obstetric Care Consensus on Periviable Birth do not recommend routine caesarean section for periviable delivery. 10 The guidelines of the American Congress of Obstetricians and Gynecologists 11 and the Society of Obstetricians and Gynecologists of Canada 12 do not discuss mode of delivery of preterm breech infants.
Given that active resuscitation is increasingly being considered at earlier gestations, the objective of this systematic review was to determine the safest mode of delivery of extremely preterm breech singleton infants born before 28 weeks of gestation, who are actively resuscitated.
Methods
We followed the Cochrane Handbook for Systematic Reviews of Interventions (Version 5.1.0) 13 and the PRISMA statement. 14 We registered the details of the protocol for this systematic review on PROSPERO (CRD42016046682).
Information sources and search strategy
We searched five databases: Cochrane CENTRAL, MED-LINE, EMBASE, CINAHL and ClinicalTrials.gov from January 1994 to May 2017, with the assistance of an experienced research librarian (see Appendix S1). We consulted Maternal-Fetal Medicine and Neonatology experts for their knowledge of other studies published in this area. We searched the references of included studies for additional articles. We imported all citations into bibliographic software (ENDNOTE X7). 15 
Eligibility
We included all published randomised controlled trials (RCT) and observational studies (cohort and case-control) without language restrictions, which examined outcomes in extremely preterm breech singleton infants, born by caesarean section or vaginal delivery. We excluded other types of publications (e.g. reviews, editorials, commentaries, case studies, conference proceedings, studies published only as abstracts), studies without sufficient data, duplicated studies or studies with systematic differences between the exposure groups that would affect outcomes.
Our primary outcomes were either death before discharge from the hospital, neonatal mortality or death by 6 months corrected age, depending on the death outcome reported by the primary study. Our other primary outcome was severe intraventricular haemorrhage (IVH grades III or IV based on Papile's grading) given the potential serious long-term neurological developmental sequelae. 16 We only included actively resuscitated infants, as inclusion of infants who did not receive active resuscitation could bias the results in favour of caesarean section. We chose highincome settings for our primary research question, as they consistently offer resuscitation to infants ≥25 weeks of gestation, and we explored low-or middle-income countries as a secondary research question. 17 Table S2 ). Since the guidelines on the use of ANCS were published in 1994, for clinical relevance, we selected 1994 as the starting point for literature searches. 18 We selected outcomes based on the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system, depending on hierarchy of outcomes and their importance in clinical decision-making, and focusing on common major morbidities and long-term outcomes. 19 Our secondary infant outcomes were death before discharge/neonatal mortality and severe IVH stratified by birthweight categories (<500 g, 500-999 g, 1000-1500 g). At the initial counselling and decision-making with future parents, birthweight is often not available, nor is it always reliable in very early gestation, hence, outcomes by birthweight were secondary outcomes.
Our main maternal outcome was mortality due to delivery complications. The full list of secondary infant outcomes and maternal outcomes is detailed in the Table S3 .
Data extraction
Two reviewers (MG and JK) independently screened the titles and abstracts, and full texts. To assess inter-reviewer agreement on study inclusion, we used the per cent agreement due to limitations with the j statistics (low jdespite high agreement). Using a piloted data collection form, we extracted data on study characteristics, bias assessment and outcomes. Discrepancies between reviewers were resolved through discussion and consensus, and a third reviewer (SDM) as necessary.
Risk of bias assessment
Each reviewer independently assessed the risk of bias by using the Cochrane Collaboration's tool for RCTs 13 and a modified Newcastle-Ottawa Scale (NOS) 20 for observational studies. The NOS includes three categories, Selection, Comparability and Outcomes, to assess bias. We modified the Selection category, removing both 1. 'Ascertainment of exposure', since our exposures of interest were all obtained through medical records, and 2. 'Demonstration that the outcome of interest was not present at the start', as outcomes would not be present at the time of the caesarean section/vaginal birth, but rather only afterwards. In addition to addressing the most important confounder by requiring active resuscitation in our inclusion criteria, we also addressed another key confounder by limiting the population to singletons only. Hence, for the Comparability category, in consultation with a maternal-fetal medicine expert (SDM) and neonatologist (TI), we considered the presence of intrauterine growth restriction (IUGR), ANCS and chorioamnionitis as the other important confounders. Two points were awarded if any two of the three confounders were controlled for or excluded. For our primary outcomes of death and severe IVH, we modified the Outcomes category of the NOS by removing the item assessing whether follow up was long enough. The modified scale awarded a maximum of six points, which was considered a high-quality study. We planned to assess publication bias with a funnel plot for outcomes with ten or more studies. 21 
Summary measures and data synthesis
As we included only one RCT with limited data, in consultation with a biostatistician, we quantitatively summarised data together with the observational studies. 22 We used random-effects models to perform the meta-analyses as between-study heterogeneity was expected. We generated summary effects estimates using odds ratios (OR) and 95% confidence intervals. We planned to pool and separately analyse the unadjusted and adjusted odds ratios reported by the included studies. Analyses were peformed using REVIEW MANAGER (RevMan) Version 5.3. 23 We used the I 2 statistic to assess heterogeneity with I 2 values of 0-40% considered to be low, 30-60% moderate, 50-90% substantial and 75-100% considerable. 13 We calculated the number-needed-to-treat (NNT), i.e. the expected number of women required to deliver by caesarean section, rather than vaginally, for one woman to avoid infant death or severe IVH. We used the formula as per the Cochrane handbook for calculating NNT. 13 
Risk of bias across studies
We used the GRADE system to assess the confidence that an effect size of a certain outcome is close to the intervention's true effects, which determines the quality of a body of evidence. GRADE rates the quality of evidence for each outcome as high, moderate, low or very low. RCTs start as high-quality evidence and observational studies as lowquality evidence, and then we either downgraded (RCTs and observational) or upgraded (observational) the studies. GRADE downgrades the quality of evidence in the presence of risk of bias, inconsistency, indirectness, imprecision and publication bias. [24] [25] [26] [27] [28] [29] GRADE recommends upgrading the quality of evidence if a large effect size was present, and if all plausible confounding would minimise the demonstrated effect; a dose-response relationship was not applicable in our meta-analyses. We used GRADEpro GDT software. 19 
Subgroups and sensitivity analyses
We planned subgroup analyses for IUGR, the use of ANCS and clinical chorioamnionitis, as we considered them significant potential sources of heterogeneity. We planned two sensitivity analyses to remove studies that excluded intrapartum intrauterine fetal demise and studies with a NOS score below six.
Results

Literature search
Our electronic searches generated 3294 articles (Medline = 1068, EMBASE = 1890, CINAHL = 255, Cochrane Central = 81, ClinicalTrials.gov = 0). After duplicate removal (n = 1130), two reviewers independently assessed 2164 titles and abstracts. We selected 154 articles for full text review and identified an additional 31 articles from references. We had an initial agreement for full text inclusion of 86% between the two reviewers. If it was not stated in the primary study (n = 46), we contacted authors to determine outcomes for actively resuscitated infants, by gestational age or birthweight, and information on standard use of antenatal corticosteroids if before the 1994 guidelines ( Figure 1 ). We included a total of 15 studies, from the USA (3), [30] [31] [32] France (2), 33, 34 England, 22 Italy, 35 Sweden, 36 Germany, 37 Turkey, 38 Canada, 39 Australia, 40 Trinidad and Tobago, 41 Hungary 42 and Romania, 43 with a total of 12 335 infants (see Table S1 ).
We found that caesarean section was associated with a 41% decrease in the odds of death before discharge/to 6 months corrected age in actively resuscitated infants born between 23 +0 and 27 +6 weeks of gestation compared with vaginal birth (OR 0.59, 95% CI 0.36-0.95, 30% in caesarean section group versus 43% in vaginal group, eight studies, I 2 = 55%, NNT = 8, 122 fewer deaths/1000 with caesarean sections, GRADE assessment in Table 1 , Figure 2 , see Table S9 ). We determined that caesarean section was associated with a 42% significant decrease in the odds of death before discharge/to 6 months corrected age between 23 +0 and 24 +6 weeks of gestation, compared with vaginal birth (OR 0.58, 95% CI 0.45-0.75, 38% versus 51%, three studies, I 2 = 0%, NNT = 7, 134 fewer deaths/1000 with † The total number of participants in the Caesarean section group varied between two outcomes. The authors this small study were contacted for clarification, but a response was not received. ‡
The two comparison groups (CS and VD) were not treated equally, as one group received surfactant, and the other did not.
|| Two authors, studying the planned mode of delivery, provided raw data for planned CS and actual VD, and emergency CS. Hence, we were able to include these studies in the primary research question and also in the analysis by planned mode of delivery.
caesarean sections, Table 1 , Figure 2 ). 2 = 50%). Regarding secondary outcomes, we found that caesarean section was associated with a significant reduction in the odds of death before discharge/neonatal mortality compared with vaginal delivery in infants weighing 500-999 g (OR 0.22, 95% CI 0.14-0.36, 16% versus 44%, three studies, I 2 = 35%; see Table S4 and Figure S1 ), but not in other groups. We found that caesarean section was associated with significantly decreased odds of severe IVH in infants weighing ≤1500 g compared with vaginal delivery (OR 0.16, 95% CI 0.06-0.43, 3% versus 19%, one study; see Table S4 and Figure S2) .
We found scarce data on other secondary neonatal outcomes, none of which were statistically significant (see Tables S5, S6 and Figures S3, S4) .
In non-high-income countries, we found that caesarean section was associated with a trend towards a decrease in death before discharge in Romanian infants born between 25 +0 and 27 +6 weeks (OR 0.42, 95% CI 0.17-1.05, one study, 37% versus 58%; see Table S7 ), and a significant decrease in Turkish infants ≤ 1500 g (OR 0.26, 95% CI 0.13-0.54, one study, 38% versus 70%; see Table S7 ).
We noted that the mean proportion of head entrapment was 1.1% with caesarean delivery, whereas it was 5.5% with vaginal delivery across four studies.
31,33,34,39 D€ uhrssen GA, gestational age; CS, caesarean section; VD, vaginal delivery; n, number of cases within exposure group; N, total number in exposure group; N/A, not applicable. *All outcomes are of critical importance. **Results shown in bold type are significant. ***Calculated for significant results only. ****Based on the GRADE quality of evidence assessment. *****For Tucker Edmonds study, data used in meta-analyses included death up to 6 months corrected age (or 10 months uncorrected age for an infant born at 23 and 24 weeks of gestation).
incisions were performed in one study for three cases of head entrapment. 33 We found few data on maternal outcomes. In the two studies reporting type of incision, we found that classical caesarean sections were performed more often than low transverse ones (67% versus 33%). 31, 39 One study reported that two women in the caesarean section group had postpartum haemorrhage requiring a blood transfusion and two of 39 women who delivered by caesarean section required admission to the intensive care unit (ICU), compared with zero of 26 women delivered vaginally. 31 One woman with severe pre-eclampsia was admitted to the ICU Figure 2 . Summary of odds ratios [95% confidence interval (CI)] of death by mode of delivery in a systematic review and meta-analyses of safest mode of delivery of extremely preterm breech singleton infants who were actively resuscitated. CS, caesarean section; VD, vaginal delivery; IV, inverse variance. Studies are arranged in descending order of quality according to a modified Newcastle Ottawa Scale. The numbers of asterisks after the study name indicate the total number of points allocated out of a total of six. If two studies received the same number of points, the studies were ordered according to date of publication. † Symbol before the study name indicates that the primary outcome in the study was neonatal mortality. § Symbol before the study name indicates that the primary outcome was survival until 6 months corrected age.
due to pulmonary oedema and respiratory distress, whereas the other sustained a small bowel injury. 31 We assessed the risk of bias using the modified NOS. As the majority of included studies did not account for two of three confounders of interest, only two studies received the maximum points (see Table S8 ). We performed a sensitivity analysis, focusing on high-quality studies, which showed that the odds of death before discharge were not significantly different in infants delivered by caesarean section compared with vaginally (OR 0.45, 95% CI 0.11-1.76, 12% versus 27%, two studies, I 2 = 85%; see Figure S5 ) at 23 +0 -27 +6 weeks of gestation. We also found that the odds of severe IVH were not significantly different in infants delivered by caesarean section compared with vaginally (OR 0.62, 95% CI 0.31-1.22, 8% versus 13%, two studies, I 2 = 0%; see Figure S6 ) at 23
+0
-27
+6 weeks of gestation.
We were unable to perform subgroup analyses on IUGR, ANCS and chorioamnionitis as data in included studies were not stratified by gestational age. As studies did not explicitly state the timing of demise, we were unable to perform a sensitivity analysis removing studies that excluded intrapartum intrauterine fetal demise.
Discussion
Main findings
In this systematic review on the safest delivery mode in actively resuscitated extremely preterm breech singletons, we found that caesarean section was associated with a 41% reduction in the odds of death and 49% reduction in the odds of severe IVH, with the largest benefit in the youngest infants. Figure 3 . Summary of odds ratios [95% confidence interval (CI)] of severe intraventricular hemorrhage (grades III/IV) by mode of delivery in a systematic review and meta-analyses of safest mode of delivery of extremely preterm breech singleton infants who were actively resuscitated. CS, caesarean section; VD, vaginal delivery; IV, inverse variance. Studies are arranged in descending order of quality according to a modified Newcastle Ottawa Scale. The numbers of asterisks after the study name indicate the total number of points allocated out of a total of six. If two studies received the same number of points, the studies were ordered according to date of publication.
Strengths and limitations
Our systematic review has strengths. First, given the increasingly early gestational ages at which resuscitation is offered, having a systematic review focused on delivery mode, specifically in extremely preterm breech infants, was important because it had not previously been done. Second, we also stratified data by gestational age, as we hypothesised that outcomes might vary across the extreme preterm period and narrower foci would be important for parents and clinicians. Third, in our inclusion criteria we addressed the most important confounder, active resuscitation, and another key one, singletons. Regarding other key confounders, two of the highest quality studies excluded IUGR (Herbst and Kallen 36 and Kayem et al. 33 ), whereas the former also excluded chorioamnionitis. Finally, we used the GRADE guidelines to assess the data quality for each outcome. Although the overall quality of evidence was low for death at 23 +0 -24 +6 weeks of gestation, and very low for other outcomes, GRADE identifies situations in which low or very low quality evidence may still lead to strong recommendations in favour of the intervention. 44 One such situation occurs when an intervention may reduce mortality in a life-threatening situation, which applies to caesarean section to prevent death.
Our main limitation was the dearth of primary randomised studies, resulting in almost entirely observational data that have an inherent bias. However, given failed recruitment into previous RCTs, it is likely that clinicians and parents will need to base decisions on the careful assessment of observational data. 22, 45, 46 Second, we implemented rigorous methodology to minimise inclusion bias, such as publishing our protocol, reporting inter-reviewer agreement which was high, and contacting authors to maximise the proportion of included studies, but we cannot rule out the possibility of inclusion bias given that some authors were unable to provide data pertaining to our research question or did not respond. Third, although most authors either confirmed ANCS as the standard of care or provided data indicating that rates of use were similar between infants delivered vaginally and by caesarean section, one large study (Tucker Edmonds et al. 30 ) did not have data on ANCS use, although those data were collected from 2000 to 2009, when ANCS use was the standard. Although some confounders might make outcomes with caesarean section seem more favourable than they are, other confounders might make outcomes with caesarean section seem less favourable, because in several included studies the indications for caesarean section involved causes that may have worsened outcomes, including emergent ones like cord prolapse, abnormal fetal heart rate, IUGR, pre-eclampsia, retroplacental haematoma and suspected chorioamnionitis. 31, 34 Hence, the benefit of elective caesarean section might be higher than what is reported in this systematic review, which includes results from both elective and emergency caesarean sections. Although the mean gestational ages of infants in the caesarean section and vaginal groups were comparable across studies, and we further defined relatively narrow gestational age strata, infants born by caesarean section may have had greater gestational age than those born vaginally, which would bias the results in favour of caesarean section. Fourth, data were scarce for secondary outcomes, especially long-term ones. Tucker Edmonds et al. 30 noted that survival benefit was no longer significant at 6 months corrected age whereas it had been at earlier time-points, and that morbidities in electively sectioned infants were twice as high as after vaginal birth at 6 months corrected age. Although the Term Breech Trial found no significant differences in maternal mortality or serious morbidity between caesarean section and vaginal delivery, most incisions were low transverse. 5 For extremely preterm breech infants, classical incisions are common, and may carry increased risks of infection, haemorrhage and uterine scar separation, [47] [48] [49] (composite outcome of haemorrhage, infection, ICU admission or death, which had an adjusted RR of 1.37, 95% CI 0.95-1.97). 50 Moreover, data on magnesium sulphate administration for fetal neuroprotection were scarce and nonexistent for ANCS duration. 51 Although we had hoped to include infants at 22 +0 -22 +6 weeks, there was only one such infant born (born vaginally and died), identifying a need for future study. Finally, the definition of death varied across studies, and hence our primary outcome of 'death' included neonatal, before discharge and before 6 months corrected age.
Interpretation (in light of other evidence)
Although a 2012 Cochrane review 52 concluded there was insufficient evidence to recommend preferred delivery mode for preterm infants as all included RCTs were terminated due to recruitment failure, a systematic review of observational studies concluded that caesarean section from 25 +0 to 36 +6 weeks was associated with a 37% reduced risk of neonatal mortality (RR 0.63, 95% CI 0.44-0.92), but advised caution given the observational data. 53 They did not examine < 25 weeks, and pooled all results for 25 +0 to 36 +6 weeks, without subgrouping by various time-points in gestation.
A number of studies that did not meet our inclusion criteria suggested that caesarean section was safer for extremely preterm breech singleton infants (see Table S10 ). A multi-centred Canadian study from 1991 to 1996 found that caesarean was associated with increased survival of breech singletons at both 24 weeks (unadjusted OR 2.19, 95% CI 1.10-4.34, no adjusted data) and 25 weeks (unadjusted OR 1.87, 95% CI 0.98-3.56), but could not confirm active resuscitation. 54 A multi-centred Swedish study also found that caesarean section was associated with significantly lower breech singleton mortality between 23 and 25 weeks (19.4% versus 46.6%, P = 0.008, no adjusted data), as well as nonsignificantly lower proportion of death at 26-27 weeks of gestation (24.1% versus 41.7%, P value not significant). 55 An American study of singleton and twin breech infants from 22 to 31 weeks found the mortality rate increased with vaginal delivery (92.4 per 1000 in caesarean delivery and 444.0 per 1000 live births in vaginal delivery, caesarean/vaginal mortality rate ratio 0.21, P < 0.05). 56 A Swedish study of extremely preterm infants found that the risk of death within the first 24 hours of birth was increased with vaginal breech delivery (adjusted OR 2.3, 95% CI 1.01-5.1), as was risk of developmental delay at 2.5 years (adjusted OR 2.0, 95% CI 1.2-7.4). 57 Additionally, a Canadian study 58 found a greater proportion of IVH among singleton and twin infants ≤32 weeks of gestation delivered vaginally compared with caesarean section (17% versus 9%, adjusted OR 1.1, 95% CI 0.9-1.5), although not all studies found lower rates of IVH with caesarean section.
59,60
Conclusion
In conclusion, in our systematic review we found that caesarean section was associated with significantly decreased odds of death and IVH in actively resuscitated singletons born between 23 +0 and 27 +6 weeks, although the data are mainly observational and hence have inherent bias. In infants born between 23 +0 and 24 +6 weeks, caesarean section was associated with a significant reduction in odds of death before discharge/to 6 months corrected age, which according to GRADE would have a strong recommendation. With the caution that advantages may decrease over time and the limited data on other infant and maternal morbidities necessitate, both, more study and a thorough discussion, our findings can be used by clinicians and parents who desire active resuscitation of extremely preterm breech infants.
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